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Thesis  ' 

An  Effect  of  the  Stratification  of  the  Gasee 
in  a  Gas  Engine 

At  the  suggestion  and  tinder  the  direction 
of  Mr.  A.  J.  Frith,  Associate  Professor  of  Mech- 
anical Engineering  at  the  Armour  Institute  of 
Technology,  a  series  of  tests  was  made  on  a  gas 
engine  to  determine  the  effects  of  stratifying 
the  gases  within  the  cylinder. 

Description  of  the  Engine 

The  engine  on  which  the  tests  were  made  was 
a  6-3/4"  X  11-15/16"  horizontal,  single  cylinder , 
four  cycle,  water  cooled  Fairbanks  Morse  gas 
engine  rated  at  7  horse  power  when  rimning  at 
250  revolutions  per  minute.   Illuminating  gas, 
taken  directly  from  the  city  mains,  was  used 
for  the  fuel,  in  both  series  of  tests,  and  by 
means  of  a  reducing  valve,  was  fed  to  the  engine 
at  atmospheric  pressure. 


24115 


Determination  of  the  Calorific  Value 
of  the  Fuel 

The  calorific  value  of  the  gas  was  determined 
about  once  an  hoxir  by  means  of  a  Junkers  Calor- 
imeter. This  calorimeter  is  provided  with  a 
seneitive  wet  meter  reading  to  one  thousandths 
of  a  cubic  foot,  a  regulator  for  maintaining 
constant  pressure  at  the  burner  and  sensitive 
thermometers  graduated  to  tenths  degrees  Fahren- 
heit which,  by  estimation,  may  be  read  to  one 
hundredths.  In  using  the  calorimeter,  a  constant 
flow  of  water  was  obtained,  such  that  the  differ- 
ence in  temperature  of  the  in-going  and  out- 
going water  was  about  10  deg,  F.,  while  the  gas 
was  being  humed  at  the  rate  of  about  four  and 
one  half  cubic  feet  per  hour.  The  issuing 
Jacket  water  for  a  given  period  of  time  was 
weighed,  as  was  also  the  products  of  combustion. 
The  temperature  and  the  pressure  of  the  gas  was 
obtained  &nd   from  this  the  volume  of  the  gas  yree 
reduced  to  standard  condition,  i.e.,  62  deg.  P. 
and  30"  of  mercury. 


As  all  the  conditions  were  allowed  to  be- 
come constant  before  any  readings  were  taken  and 
as  great  care  was  taken  in  effecting  a  complete 
absorption  of  the  heat  of  the  gas  by  the  water, 
the  errors  due  to  radiation  were  inappreciable. 
The  method  of  determining  the  " total"  and  the 
"effective"  heating  values  of  the  gas  is  shown 
in  the  sample  calculations. 

Description  of  the  First  Series  of  Tests 

A  series  of  tests  was  first  run  on  the  engine 
under  ordinary  working  conditions.  Different 
loads  were  applied  to  the  engine  by  means  of  a 
Prony  Brake,  and  by  this  means  the  brake  horse 
power  was  determined.  A  Crosby  gas  engine  indi- 
cator was  used  to  determine  the  indicated  horse 
power.  When  a  test  was  to  be  jrun,  the  engine  ?bs 
started  and  a  predetermined  load  was  put  on.  The 
engine  was  then  allowed  to  xxm.   for  some  time  in 
order  that  all  conditions  would  become  constant. 
In  the  meantime  indicator  cards  were  taken,  and 
the  mixture  of  gas  and  air  was  changed  until  it 


was  seen  from  the  cards  that  the  proper  mixture 
was  obtained.  After  obtaining  this  mixture  and 
after  the  engine  had  warmed  up  and  all  conditions 
became  constant,  a  half  hour  run  was  made.  Read- 
ings were  taken  every  five  minutes  of  the  inlet 
and  outlet  Jacket  water,  weight  of  the  jacket 
water,  volume  of  the  gas  used,  revolutions  per 
minute  and  explosions  per  minute.  Indicator  cards 
were  also  taken  every  five  minutes.   The  load  on 
the  brake  was  kept  constant  throughout  the  test. 
The  temperature  of  the  jacket  water  was  averaged 
for  the  run  and  the  average  value  was  used  in  the 
calculations.  By  means  of  a  continuous  explosion 
counter,  the  total  number  of  explosions  for  the 
half  hour   was  obtained  and  from  this  value  the 
explosions  per  minute  were  determined.  The  gas 
meter  used  was  of  the  integrating  type  and  the  diff- 
erence of  the  first  and  last  readings  was  taken 
as  the  volume  of  the  gas  used.  The  jacket  water 
was  weighed  in  tanks  mounted  on  scales  and  the 
difference  in  weights  before  and  after  the  runs 
was  used  in  the  calculations.  The  readings  of 
these  instruments  were  taken  every  five  minutes 


to  serve  as  a  oheoi:  as  to  the  constancy  of  the 
conditions. 

Method  of  Stratifying  the  Gaeee 

By  referring  to  the  drawing  it  will  be  seen 
what  device  was  used  in  attempting  to  stratify 
the  gases  and  the  method  of  placing  this  device 
in  the  cylinder  over  the  inlet  valve.  This  de- 
vice consists  of  a  thin  plate  on  which  were 
moimted  twelve  (12)  vanes,  set  perpendicular  to 
the  plate.  These  vanes  were  arranged  in  a  circle, 
the  diameter  to  the  back  edges  of  them  being 
just  a  fraction  of  an  inch  larger  than  the  inlet 
valve.  The  whole  device  was  placed  over  the 
inlet  valve  and  screwed  on  to  the  head  of  the 
cylinder.  Three  screws  were  used  and  these  were 
of  such  diameter  and  placed  in  such  a  position 
that  each  became  part  of  a  vane.   The  area  be- 
tween two  consecutive  vanes  was  made  constant 
for  the  whole  distance  by  increasing  the  height 
of  the  vane  as  the  width  became  less  and  the  can- 
bined  area  was  designed  to  be  such  that  it  was 
about  twenty  five  per  cent.  (25^)  in  excess  of 


the  area  of  the  inlet  valve.  This  exceBs  was 
allowed  on  aocoiant  of  the  increased  reeietence 
placed  in  the  path  of  the  Incoming  gas.  The  shape 
of  these  vanes  was  such  that  the  gas  which  entered 
the  area  between  two  consecutive  vanes  came  in 
radially  and  left  tangentially.  This  was  designed 
to  give  the  gas  a  rotating  motion,  rotating  in  a 
piano  perpendicular  to  the  entering  gas  and 
parallel  to  the  head  of  the  piston.  The  effect 
of  this  rotating  motion  was  to  keep  a  distinct 
strata  of  lanbumed  gases  throughout  the  cylinder 
and  to  keep  the  spark  in  this  unbumed  portion. 

Second  Series  of  Tests 

After  this  device  was  in  place  another  seri  es 
of  tests  was  made  similar  to  the  first  set.  The 
readings  of  the  same  instruments  were  taken  and 
used  in  the  calculations  in  the  same  manner.  An 
attempt  was  made  to  carry  the  same  loads  on  the 
engine  and  to  keep  all  other  conditions  as  nearly 
similar  to  the  first  series  as  possible.  As  can 
be  seen  from  the  data  sheets,  a  great  quantity  of 


unbumed  gas  passed  througb  the  cylinder  without 
igniting  in  this  second  series  of  tests.  An 
attempt  was  made  to  recover  some  of  this  lost 
gas  by  putting  in  a  jump  spark  near  the  exhaust 
valve  but  the  results  of  this  attempt  were  not 
successful. 
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Test  nt  /^y4//?SA/V/<<S-  AfO/?S£^       g^s  Engine 
Type     //CP/K'/ZQA/r/lZ.  -^TA  T/0/^/J/?Y 

y^    3  '    ^      .  .     AS'  " 
Size  ^^    X  //  /,& 

Fuel  ,T..H     /ZAi//-7//y/lT//VG 


<^/i<5 


LOG  OF  test: 


>  3 


Brake  Circumference,  ft._ 


/o:^/ 


/.3:  T-vS" 


lif     Dead  Weight  of  Arm,  lbs. 

On  Scales,  lbs "^^-^IrL   /<3-/3.7-^ 

Total,  lbs ^^ 


^^.  <£,^  //<^. 


_r)ate^ 


/^A'C//  -  ^T—/S/^  . 


TEMPERATURE— DEGREES  F       Pressure 


Horse  Pow'r 


w  A^    £.  A^ 


OS 


*^  t.-  11         c   ■*  •"  ' 


/%£■  7-  ZOA7^  =   ^2S^  /5<S. 


1-  o 


J.-^O  2^0  /^^ 
3:^5  2^0  276 
3:50  2^0  -^04 
3:S^  Z^O  3^s5 
^OO  P4o  6>6e 
^:C5  2'4<?  629 
^:/0  240  970 


^^39 

-^o 

82 

a/.s 

^9:5 

■^o 

82 

6/.S 

J^ 

^o 

8/ 

U5 

^2 

^o 

82 

6/.^ 

66,/ 

4^C 

84- 

6/.S 

720 

40 

85 

6/.3 

777 

^O 

86 

6A3 

ZS.65 

^/6 

-f.25 

es.69 

^■^e 

4.Z5 

23.69 

S76 

4.25 

29.63 

606 

4.25 

2S.65 

63S 

4Z5 

Z9.65 

66/ 

4.25 

2969 

see 

^26 

y^VS/^.  24 O  27.53 


C7.6  -40  63./  6/3  29.69         /70 


425 .238  2.73 


4:30  Z40  /S838 
4.35  240  Z0C66 
4:40  240ZOZ3/ 
4.45  240  205/5 
4:5(P  24o  20733 
4.35  24o2o9Go 
^^^  24  o  27/6/ 


3-/Zd 

4-0 

//2 

2/5 

40 

7/6 

203 

40 

//s 

393 

40 

/20 

482 

4o 

722 

^70 

40 

724 

6>S^ 

4^0 

72.5 

29.6^ 
29.69 
29.69 
29.69 
29.69 
2S.69 
29.69 


S2G 
^43 
^70 
^9/ 
6/0 
630 
6>43 


2/2^ 
2725 
2/2^ 
2725 
Z/25 
2723 
2725 


//i5f  240  44.73 


/OZ2    ^O  //S.6 


29.^         /^^ 


272^  2./0  44S 


Remark?: 


_Obsei  ver. 
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Test  ni/^^//^^A/V/<S-/^^/c'S^    n.s  Engine 


Type 
Size  _ 


'a    //  TJ 


Fuel  Used 


/ZZ  C//^//Y//  T//V(^      G/l^. 


Brake  Circumference,  ft. 


/^.&/ 


Dead  Weight  of  Arm,  lbs />3  7^ 

On  Scales,  lbs.             ^&-  /^-  7^  =  *^^-  ^S 
Total,  lbs ^^ 


r 


LOG  OF  test: 


2<S.  ^-5«  'yVG. 


-Date. 


xV^/VOt'-  2^-/^/^ 


H  as 

»  a 

•A  ^ 

O  z 

>  a 

w  c 


I 

S:Z2  Z55  7S5S 
2:27  2S5  828i 
2:3Z  2^5  8626 
Z: 37  2^56?^ 
2:42  235  ?2JZ 
2-j(-7  2^5  962 1 
2:52  255993^ 

m/?.  Z^S  U.(,6 


CO 

wH 

»  b) 

OS 

II) 

'i^ 

2g 

SS 

5^ 

S 

a,  a 

^  « 

:« 

X  a 

W  M 

< 

WOh 

CiO. 

o 

TEMPERATURE— DEGREES  F       Pressure 


Weights 


Horse  Pow'r 


ho 

i;  «  £       C  o  S 


OS  J     <.5 


J.!T3 


/^T-    Zo/r^  =  36.2S^^^. 


8Z66 

se 

79.5 

6/ 

Sf'^ 

33 

7^ 

6/ 

6Z5 

38 

76 

6/ 

656 

38 

75 

^/ 

78^ 

38 

74 

^/ 

?/^ 

33 

74 

^/ 

9^^6 

38 

74 

^/ 

2U7 

335 

36.25 

29.67 

<i>2o 

3625 

2U7 

704- 

36.25 

2U7 

765 

3625 

2U7 

867 

36.25 

2U7 

950 

36.25 

2U7 

/028 

^25 

/56.0  38    Z5^   6/  Zt(,7        ^73        3625  3.8/636 

/%£■  7-  Ao/7^  =  Se.25  2.^S. 


3:/5  2S4-  2273 
3:2o  254^  28J5 
3: 25  254  3432 
3.3o  234^^056 
3:35  254  466/ 
^\4o  2545276 
^■^5  2545903 


Ay£if. 


254/2/.06 


S9933 

36 

9S 

6Z5 

60/ eo 

38 

94 

6JP.3 

60420 

^8 

97 

62.3 

60(>5/ 

38 

?8 

6e.3 

6/08^ 

38 

97 

625 

6//30 

38 

96 

6^5 

6/565 

36 

96 

623 

29.67 

533- 

6a25 

2?.67 

6^0 

66.23 

29-67 

696 

6825 

29.67 

776 

6625 

2f67 

860 

68.Z5 

29.67 

f4o 

68.25 

29.67 

/C2/ 

6SZ5 

£86i^  38    ?6.4  625 


29^7       486  66.25  7./S /^.32 


/^(//v  mr///pc/r  sr^/iT//7£/^ 


.Observer. 


/o 
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Typp  //o^/^G/yyy^^  -.5'7y.  CIparanrp         /  fiJ,  J <^   3      riihir  inches. 

Rating r        ^-  ^^-    ^^         at 2^^^ R.  p.  M.        Clearance ^' <5^       %  piston  displacement. 


sizc^ ^:^  ^  /// 


Indicator  Used. 


CT/^o^sY 


Scale  Springs 


/60 


P^ 


Maximum  Compression. 


c5-^ 


DATA    FROM    CARDS 


.lbs.  per  sq.  in. 


No.  B  F.  M. 


/ 

2 
3 

7 


/.6  7 

/  6  2 

/.  <^/ 

A  ^2 

/.  (TT 


Length  of 
Card 


0[v?f 


/^//•/f      2^7  J.j'         /6;>^        3.3^1 


Mean 
Effective 
Pressure 


I.  H.  P. 


3.  H.  P. 


Mechanical 
Efficiency 


76. 7C? 


Z73 


^2  /^.47o 


& 

/o 
// 
/2 
/3 
/4- 


/.6S 

/.&3 

/.63 
/.60 


3.3  f 


MV£/?.       ^^7^         /.  (h2 


as'f 


76.^0      ^.^3        ej         ^7^7o 


Remarks: 


-Observer. 


Test  of: 
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/6»//e^/7/YA->S--  /Voyr<S-^         nn.  Engine. 


// 


nnfP  /^y9'/TC^~  23-/3/3 


^" 


^ 


■n.      (^^    ^   //  /6. 


Rating. 


7   ^/^/? 


Indicator  Use 


Scale  Spring. 


H      CT/^oshy. 


ry^^Ai>^/^<?A/  ry\Z  -  *Syj9'                 clearance       /  f<^. '3  <o  "S      rnhir  inches. 
^^O R.  P.  M.        Clearance ■^  C? %  piston  displacement. 


/60 


No.  6  P.  )M.  Area 


Maximum  Compression. 


^^.  ^ 


DATA    FROM    CARDS 


Length  of 
Card 


Mean 
Effective  I.  H.  P. 

Pressure 


3.  H.  P. 


.lbs.  per  sq.  in. 


Mechanical 
Efficiency 


/S 
/6 
/7 
/8 

zo 

2/ 


/.53 
/.S7 


3.^9 


//^/f        66.66         /.^6  3.3  f  7-^-70  6.^6         <3.S/         600% 


ZZ 
Z3 

Z^ 
Z6 
Z7 
Z8 


/.3f 
1.3^ 
/.3t 
/.40 


3.3^ 


//^if/e     72/.06> 


A^O 


3.3  f  66.0         /0  32  7A^  CfJ^o 


Remarks: 

/P^/T  }A7/r//(PCAr  'sr/f/7T/F/7^7^ 


-Observer. 
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/2 


K,.,of,a,    /■^^^^^'^■^r^'^'S     '^'^•5 

s„„e     C/rY  A7/f/^.s 

Number  of  Run, 

1 

2 

3 

4 

Time  starting  run, 

^•2/ 

Time  ending  run, 

^:^6 

Duration  of  run,  minutes. 

^ 

Temperature  of  chimney,  °C, 

V.7S 

Temperature  of  air,  °C, 

/^./ 

Temperature  of  gas, at  meter,  °C, 

Temperature  of  entering  jacket  water,   °C, 

Z^7 

Temperature  of  issuing  jacket  water,   °C, 

6.^6 

Range  of  temperature, 

^.7S 

Pressure  of  atmosphere,  inches  mercury. 

Z?.^ 

Pressure  of  gas  at  meter,  inches  mercury. 

2n7 

Pressure  of  gas  at  burner,  inches  water. 

^o^ 

Weight  of  discharge  tank  and  water,  lbs., 

2J,Z<P 

Weight  of  discharge  tank,  empty,  lbs., 

4.?6 

Weight  of  jacket  water,  lbs.. 

/a24 

Reading  of  meter,  beginning. 

.OSJ 

Reading  of  meter,  end. 

4/2 

Total  gas  consumed,  cu.  ft., 

.3^1 

Total  gas  consumed  reduced  to  30"  Hg.  and  62'   F.,  cu.  ft.. 

,327 

Cu.  ft.  gas  per  hour, 

^.?^4     ■ 

Lbs.  steam  condensed  per  cu.  ft.  gas. 

.033/ 

Calorific  value  of  gas,  B.  T.  U.,  total. 

^SO 

Calorific  value  of  eras,  B.  T.  U..  effective 

^6.  ?  1              1 

Remarks:  , 

yfCW  IA//r//0(/TJr/^/7T/r/£/^ 


Observer. 
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/3 


Date- 


Kind  of  gas     /^Z^/>///y^/V/V;^      ^^^ 


yv/^/rc//-  £ff-/9/^ 


Number  of  Run, 


Time  starting  run, 

Time  ending  run, 

Duration  of  run,  minutes, 

Temperature  of  chimney,  "C, 

Temperature  of  air,  °C, 

Temperature  of  gas.at  meter,  °C, 

Temperature  of  entering  jacket  water,   ""C, 

Temperature  of  issuing  jacket  water,   °C, 

Range  of  temperature, 

Pressure  of  atmosphere,  inches  mercury. 

Pressure  of  gas  at  meter,  inches  mercury. 

Pressure  of  gas  at  burner,  inches  water. 

Weight  of  discharge  tank  and  water,  lbs.. 

Weight  of  discharge  tank,  empty,  lbs., 

Weight  of  jacket  water,  lbs., 

Reading  of  meter,  beginning, 

Reading  of  meter,  end. 

Total  gas  consumed,  cu.  ft. , 

Total  gas  consumed  reduced  to  30"  Hg.  and  62^   F.,  cu.  ft., 

Cu.  ft.  gas  per  hour, 

Lbs.  steam  condensed  per  cu.  ft.  gas, 

Calorific  value  of  gas,  B.  T.  U.,  total. 

Calorific  value  of  gas,  B.  T.  U.,  effective. 


Remarks: 


7.7^     7  73 

76./    76.?^ 
Z&7     Z  67 

<^.7S     ^74- 

^7.^7  £767 

\Z3.£o  J8^.63 
^96      73  B 
/S.^^   7i9.30 
.^S3    .077 
I  ^/2     ^^/ 
I  -3^9    >37^ 
.^£7    .37/ 
S7£^  4^<^£ 
.(P^3/  .<:>364- 
^<^0     ^^^ 


/^m  w/moar  J7/^/7t//7£/^ 


Observer. 
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/^ 


Test  of 


/y1//^BAN/<^-/^0/^3£ 


Oas  Engine 


Date 


/Y/r/^c//' 27-/9/^ 


Kind  of  Fuel- 


///  C/Af//\//7r//VG  G/f^ 


No.  OF  Run 


Duration  of  test, 

Gas  consumed, 

Air  consumed, 

♦Calorific  value  of  gas,  total,  B. 

Calorific  value  of  gas,  effective.  B. 

Jacket  water  supplied, 

*Gas  per  hour, 

*Air  per  hour, 

Jacket  water  per  hour, 

Gas  at  meter. 

Barometer, 

Gas  at  engine, 

(  Inlet 
Jacket  water  \ 

(  Outlet, 

Gas  at  meter, 

Air  in  room, 

Revolutions  per  minute, 

Explosions  per  minute, 

Pressure  in  lbs.  per  sq.  in.  above  atmosphere 

(iz)    Maximum  pressure, 

(b)  Pressure  just  before  ignition, 

(c)  Pressure  at  end  of  expansion, 
{d)    Exhaust  pressure. 

Mean  effective  pressure, 

Builders'  rating. 

Actual  indicated  H.  P., 

Actual  brake  H.  P. 

Mechanical  Efficiency 

B.  T.  U.  per  I.  H.  P.  per  hr., 

B.  T.  U.  per  B.  H.  P.  per  hr., 

*Cu.  ft.  gas  per  I.  H.  P., 

*Cu.  ft.  gas  per  B.  H.  P., 

Heat  equivalent  of  I.  H.  P.,  efficiency 

Heat  rejected  in  jacket  water 

Heat  rejected  in  exhaust  and  lost  through  radiation 
and  incomplete  combustion, 

Heat  equivalent  of  B.  H.  P.  efficiency 


hours, 
cu.  ft. 

cu.  ft. 

T.  U.  per  cu.  ft. 

T.  U.  per  cu.  ft. 

lbs. 

cu.  ft. 

cu.  ft. 

lbs. 

ins.  mercury. 

ins.  mercury. 

ins.  water. 

deg.  F. 

deg.  F. 

deg.  F. 

deg.  F. 

rev. 


lbs.  per  sq.  in. 
H.  P. 
H.  P. 
H.  P. 


per  cent, 
per  cent. 


per  cent. 


^ao 

S3./ 

37S 
76.7<P 

r 

2.73 
.-^^ 

/^.^ 
/^7<^0 
09,600 

3?.^0 


^30 

/£3 
705.3 

2^6 
Z9.6  9 

^O 

779.6 

63.  O 

£40 
4^73 

£ao 

^O 
37^5 

(P 
76.30 

V 

4.43 

£./0 

47^<P 

73:OSO 

£3.9 
30.4- 

33.  9C^ 

46.60 

9£3 


♦All  gas  volumes  reduced  to  62°  F.  and  30  inches  mercury. 

/^(77V  mr7/0(/T  dr7K'/7r7/7Jf7^ 
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Test  of 


/^//C^/f/Yrs-  /f^/^S£ 


Kind  of  Fuel^ 


Gas  Engine 


Date 


/V/Fy^C//'  ^^-y  f/S 


No.  OF  Run 


Jacket  water  • 


Duration  of  test, 

Gas  consumed, 

Air  consumed, 

♦Calorific  value  of  gas,  total,  B 

Calorific  value  of  gas,  effective.  B. 

Jacket  water  supplied, 

*Gas  per  hour, 

*Air  per  hour, 

Jacket  water  per  hour, 

Gas  at  meter. 

Barometer, 

Gas  at  engine. 

Inlet 
'  Outlet, 
Gas  at  meter. 
Air  in  room. 
Revolutions  per  minute. 
Explosions  per  minute. 
Pressure  in  lbs.  per  sq.  in.  above  atmosphere 

(a)  Maximum  pressure, 

[b)  Pressure  just  before  ignition, 
{c)  Pressure  at  end  of  expansion, 
{d)    Exhaust  pressure. 

Mean  effective  pressure. 

Builders'  rating. 

Actual  indicated  H.  P., 

Actual  brake  H.  P. 

Mechanical  Efficiency 

B.  T.  U.  per  I.  H.  P.  per  hr., 

B.  T.  U.  per  B.  H.  P.  per  hr., 

*Cu.  ft.  gas  per  I.  H.  P., 

*Cu.  ft.  gas  per  B.  H.  P., 

Heat  equivalent  of  I.  H.  P.,  efficiency 

Heat  rejected  in  jacket  water 

Heat  rejected  in  exhaust  and  lost  through  radiation 
and  incomplete  combustion, 

Heat  equivalent  of  B.  H.  P.  efficiency 


hours, 
cu.  ft. 

cu.  ft. 

T.  U.  per  cu.  ft. 

T.  U.  per  cu.  ft. 

lbs. 

cu.  ft. 

cu.  ft. 

lbs. 

ins.  mercury. 

ins.  mercury. 

ins.  water. 

deg.  F. 

deg.  F. 

deg.  F. 

deg.  F. 

rev. 


3S       ^<^ 


Z/^ 

^/^ 

S(P 

^^.^ 

37^ 

^:5(y 

CP 

^ 

.  per  sq.  in. 

7S7^ 

6(^o 

H.  P. 

7 

r 

H.  P. 

<^.^6 

/^.3^ 

H.P. 

3.e/ 

7./S 

% 

6o 

67.30 

/J^^OX? 

//(^^op 

^^/^o.o 

/3;7sao 

Z^.3 

Z7f^ 

^a^ 

^7.6 

per  cent. 

/f./^ 

z^./o 

per  cent. 

-^3.70 

^9.7£> 

per  cent. 

i^./i5' 

zr.zo 

per  cent. 

//.^^ 

/^.f<5 

*k\\  gas  volumes  reduced  to  62°  F,  and  30  inches  mercury. 
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Test  nt  F^//?3/ir^/<S-  Afa/?^5j^__Gas  Engine 

Type  ^^/fv;^<?/y  7->^z  -  x5-r^T/aA/>t/?Y 


Size S^ 

Fuel  Used  . 


^^'4 


/AZC//y/A^y^7'/y\/^    C^/f.S. 


Brake  Circumference,  ft.. 
Dead  Weight  of  Arm,  lbs.. 

On  Scales,  lbs. 

Total,  lbs.  


LOG  OF  test: 


Barometer. 


2  9.0S 


_Date. 


y4/^y^/A-  S-/y/3 


^       TEMPERATURE— DEGREES  F 


Pressure 


Weights 


Horse  Pow'r 


J  H  eg 

C  z  J 

>  D  a-  ss 

a  c  ,><  a         _'j  a 


>  a! 


cs 


3:05  Z5o  8fZ8 
3:/0  Z^O  "f/Zd 
3:/5  Z60  93/4 
3:Z0  Z60  9507 
3:Z5  Z60  %?8 
3:30  Z30  W7 
m/^.  Z50  3d6 


/V^r  Zo/7/?  ==  ^^.2^  ^SS. 


-4-33/ 
-403 
460 

6Z9 
703 

77^ 


4/ 
41 
41 
4-1 
41 


62 

^4 

G5 


70 

70 

70 

70 

70 

70 

70 


zm 

21IZ 
21.  tZ 

Z9JZ 
Z9./Z 

zriz 


s537 

6o2 

674 

747 

6/8 

S83 

?60 


^.Z5 
^.Z5 
3.Z6 
S.Z5 
£.Z5 
3.Z5 
^,25 


Slip  4/   64.4   70 


Zt/Z        4-23       3.  Z3 .34/ 2.38 


/V£^r  jCo/^O  =Z/2Sj:b^. 


3:3^  Z50  ///^ 
4: 9/  Z3OZ077 
4^06  Z SO  2430 
4://  250Z785 
4:/6>  250  3/46 

4:Z/  2^o35/7 
4:Z6>  230  3887 


545/ 
5582 
57/2 
S84/ 
597/ 
6/05 
C>Z39 


4-/ 
4/ 
4/ 
4/ 
4/ 
4/ 
4/ 


S8 
68 
87 
36 
86 
68 
87 


7o 
70 

70 
70 
70 
70 
70 


29./2 
Zt/Z 
Z9./Z 
Z9./2 
Z9./Z 
Z9./Z 
Z9./Z 


^37 
602 
665 

729 
777 

858 
922 


Z/.Z6 
2/.  2 5 
2/.Z5 
Z/.Z5 
Z/.Z6 
Z/.25 
Z/.Z5 


m/f.  250  72.4 


757.6    4/  87/  70 


29.72        .385        Z/Z52./84.33 


4?1-7  Z506//2  70^/ 

4^.5Z  2So6^6  7250 

4^.57  250  7243  74^^ 

^'.OZ  2S0  7S/4  7630 

^07  S5o83ffO  7S40 

^./2  2S0  6944  S072 

^:/7  25o  r.54-2  ^235 


/V^r  /0/70  ^3S.25/BS. 

42  /07  7o                 Z9./Z  ^^8  ^S.Z5 

42  /08  7o                 29./Z  ^87  38.Z5 

4Z  //O  70                 Z9JZ  (^5o  38.25 

4Z  ///  70                Zd./2  7/Cf  38.25 

42  ///  7P                Z9./Z  766  38.26 

42  //O  70                ^9./Z  SZ7  38.Z5 

4Z  //O  70 Z9/Z  Sa6>  33.  Z  5 


4l/£/^.25(?//4.3 


Z36.6  42  /075  70 


Z97Z        35S       38.Z53.f3^.78 


Rjl-M.^RK?  : 


l/\77T/V  ^7/r/7T7r/S/^ 


.Observer. 
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Jest  nf/yf/^B/?^/^^-  /%/^^^         R„^  Engine.  OafP    yf/=t^/^  -  ^-/^/S 

Type /^/gy^g^/yTyz-  syy^ 


s;7^     ^^     ^  //  7g 


Rating. 


r  ^.M  ^ 


^so 


Indicator  Used_ 


Scale  Spring. 


C/^o^^y 


Clearance /jS (o,  >?<5" cubic  inches. 

R.  P.  M.        Clearance    '^t^uxS- %  piston  displacement. 

Maximum  Compression *-^  ^P lbs.  per  sq.  in. 


/60 


^ 


DATA    FROM    CARDS 


No. 
/ 

^x/^z  osyorv  s' 

Area 

Length  of 
Card 

333 

Mean 
Effective               I.  H.  P.                  B.  H.  P. 
Pressure 

Mechanical 
Efficiency 

/.oa 

z 

/.07 

3 

/.03 

^ 

/.08 

S 

/.08 

^ 

/.07 

7 

/.03 

^A2ve 

36.6 

/.03 

3.3^ 

3'/.6> 

Z68 

3^/ 

^/.c7o 

8 

.^7 

3.31 

? 

?s 

/o 

n 

// 

/ 

02 

/2 

, 

f8 

/3 

96 

/4 

98 

^\/S/^. 

72.^ 

f8S 

339 

^^>5 

^33 

e./s 

^04  7o 

/5 

.fG 

3.3^ 

/6 

■9^ 

n 

98 

/8 

ff 

/9 

■  97 

2o 

.99 

21 

.?(> 

/////f 

//^3 

■97 

3.39 

^3:s 

r..7S 

3  93 

.3d.o7o 

^(//v  kv/r//  s^ryr/7T/^/^/? 


-Observer. 
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DETERMINATION  OF  THE  CALORIFIC  VALUE  OF  GAS,  BY  JUNKER'S  CALORIMETER 

nnf.      y^P^/^-  ^-/^/^ 

Kind  of  gas  ^^^  ^^/^^  TV/y^g- (^^  G 


/s 


Number  of  Run, 


Time  starting  run, 
Time  ending  run, 
Duration  of  run,  minutes. 
Temperature  of  chimney,  °C, 
Temperature  of  air,  °C, 
Temperature  of  gas. at  meter,  °C, 
Temperature  of  entering  jacket  water,   'C, 
Temperature  of  issuing  jacket  water,   °C, 
Range  of  temperature, 
Pressure  of  atmosphere,  inches  mercury, 
Pressure  of  gas  at  meter,  inches  mercury. 
Pressure  of  gas  at  burner,  inches  water, 
Weight  of  discharge  tank  and  water,  lbs., 
Weight  of  discharge  tank,  empty,  lbs.. 
Weight  of  jacket  water,  lbs., 
Reading  of  meter,  beginning, 
Reading  of  meter,  end. 
Total  gas  consumed,  cu.  ft., 

Total  gas  consumed  reduced  to  30"  Hg.  and  62=   F.,  cu.  ft., 
Cu.  ft.  gas  per  hour. 
Lbs.  steam  condensed  per  cu.  ft.  gas. 
Calorific  value  of  gas,  B.  T.  U.,  total, 
_Calorific  value  of  gas,  B.  T.  U.,  effeetjye, 


Remarks: 


/^a/s/  mr//  >sr/^/Fr//=7s/^ 
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n 


Test  of 


/^//r'^/9/yrs-  /y^A'^^ 


Oas  Engine 


Kind  of  Fuel 


//Z6/A///yy^r//y^  a/F^ 


No.  OF  Run 


Jacket  water  • 


Duration  of  test,  hours. 

Gas  consumed,  cu.  ft. 

Air  consumed,  cu.  ft. 
♦Calorific  value  of  gas,  total,  B.  T.  U.  per  cu.  ft. 
Calorific  value  of  gas,  effective.                       B.  T.  U.  per  cu.  ft. 

Jacket  water  supplied,  lbs. 

*Gas  per  hour,  cu.  ft. 

*Air  per  hour,  cu.  ft. 

Jacket  water  per  hour,  lbs. 
Gas  at  meter,  ins.  mercury. 
Barometer,                                                                        ins.  mercury. 

Gas  at  engine,  ins.  water. 

Inlet  deg.  F. 

\  Outlet,  deg.  F. 

Gas  at  meter,  deg.  F. 

Air  in  room,  deg.  F. 

Revolutions  per  minute,  rev. 
Explosions  per  minute. 
Pressure  in  lbs.  per  sq.  in.  above  atmosphere 

(j)     Maximum  pressure, 

{b)     Pressure  just  before  ignition, 

[c)    Pressure  at  end  of  expansion, 

{d)    Exhaust  pressure, 
Mean  effective  pressure,  lbs.  per  sq.  in. 

Builders'  rating,  H.  P. 

Actual  indicated  H.  P.,  H.  P. 

Actual  brake  H.  P.  H.  P. 

Mechanical  Efficiency  % 
B.  T.  U.  per  I.  H.  P.  per  hr., 
B.  T.  U.  per  B.  H.  P.  per  hr., 
*Cu.  ft.  gas  per  I.  H.  P., 
*Cu.  ft.  gas  per  B.  H.  P., 

Heat  equivalent  of  I.  H.  P.,  efficiency  per  cent. 

Heat  rejected  in  jacket  water  per  cent. 

Heat  rejected  in  exhaust  and  lost  through  radiation 

and  incomplete  combustion,  per  cent. 

Heat  equivalent  of  B.  H.  P.  efficiency  per  cent. 


Date 


y^ /'/<'//. -3-/7/3 


^-^.^ 

^f./Z 

^/ 
70 

Z3<P 
3<9<^ 

^3^ 

3'o 

2^ 

<P 

<5/^ 

7 

li    ^^<^ 
'      .34-/ 

/^j^oao 
3^/f 
£  /.^ 

64rO 


.3 
73.3 

4^3 

3S3 

/3ao 

77^^ 
Zf.^3 

-^/ 

37/ 

70 

774 

3o 

^3 

7 
4.33 

z/s 

3c^.^ 
/^<$^ao 

.3^.3 

633 

^  a/3 

/4f3 


.3 

//3i^ 

4<:?3 

3S^ 
3S3 

7/6 
Zf.^3 

^^ 

/0%3 
73 

Z30 
7/4^^3 

3^:> 

43.^ 

y 

6  73 
^?3 
:3S 
/^/S^?,o 

334- 
3y.6> 

x3<3.eo 
^a3o 
/£./c? 


*A11  gas  volumes  reduced  to  62°  F.  and  30  inches  mercury. 
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Test  of^^^GANK^-/^OSS£:  ^Qas  Engine 
Kind  of  Fuel  ^^^^^//^/i  T//V<^      C^/?»5__ 


No.  OF  Run 


Jacket  water  ■ 


Duration  of  test, 

Gas  consumed, 

Air  consumed, 

♦Calorific  value  of  gas,  total,  I: 

Calorific  value  of  gas,  effective.  B 

Jacket  water  supplied, 

*Gas  per  hour, 

*Air  per  hour. 

Jacket  water  per  hour, 

Gas  at  meter, 

Barometer, 

Gas  at  engine. 

Inlet 
\  Outlet, 

Gas  at  meter, 

Air  in  room, 

Revolutions  per  minute, 

Explosions  per  minute, 

Pressure  in  lbs.  per  sq.  in.  above  atmosphere 
(ti)     Maximum  pressure, 
{b)     Pressure  just  before  ignition, 
(c)     Pressure  at  end  of  expansion, 
{d)    Exhaust  pressure. 

Mean  efifective  pressure. 

Builders'  rating. 

Actual  indicated  H.  P., 

Actual  brake  H.  P. 

Mechanical  Efficiency 

B.  T.  U.  per  I.  H.  P.  per  hr., 

B.  T.  U.  per  B.  H.  P.  per  hr., 

*Cu.  ft.  gas  per  I.  H.  P., 

*Cu.  ft.  gas  per  B.  H.  P., 

Heat  equivalent  of  I.  H.  P.,  eiSciency 

Heat  rejected  in  jacket  water 

Heat  rejected  in  exhaust  and  lost  through  radiation 
and  incomplete  combustion, 

Heat  equivalent  of  B.  H.  P.  efficiency 


deg.  F. 
rev. 


lbs.  per  sq.  in. 
H.  P. 
H.  P. 
H.  p. 


Date  ^/^/^/^ -_^-/^/<?        


hours. 

.^ 

.^ 

.<5^ 

cu.  ft. 

-^^.^ 

y<s.a 

//<3,  ^ 

T.  U.  per  cu.  ft. 

^S'a 

r^d'CJ 

^■1^0 

T.  U.  per  cu.  ft. 

,5^6.  9 

<^^6.  9 

k3^^<^.  9 

lbs. 

^^y3 

30^ 

^<5S 

cu.  ft. 

&4:'f 

/^(P 

SB  6 

cu.  ft. 

lbs. 

<!$'^6 

vr^ 

7/S 

ins.  mercury. 

^?J£ 

£f./^ 

^?./Z 

ins.  mercury. 

^f.oe 

^f.cS 

^f.oe 

ins.  water. 

deg.  F. 

4-/ 

^/ 

4^ 

deg.  F. 

6^.^ 

&?./ 

/o?.& 

deg.  F. 

70 

7^ 

70 

per  cent, 
per  cent. 

per  cent, 
per  cent. 


o 

7 

>?/ 

/d;ooo 

7^/3 

J2/^4e 
2.?6 


^O 

^^ 

O 

7 
^3S 
Z/S 

/<s,  9^0 
3Z^oo 

3f.S 
63.  S 

2/,6S 
6.77 


/7'^8 

£00 
^O 
ZO 

O 

7 
6>.7& 

3.  93 

33.^ 
/^.  ?^ 

&7/ 


"All  gas  volumes  reduced  to  62°  F.  and  X 


/x'c^A/  w/r/^67mvn£R 


Observer 


1 —         — 1 

^ 

^-^ 

r"-T 

k 

1 

«i      r       r 

'"  ■'■■.■  i 

1 

-^ 

1 

;_  -  i 

:  ..  ;;.i 

. .'.    1 

""u 

".^■"'^-"■'1 

, 

-i 

4— ■;-  - 

_:...: 

;— — :+ 

-1-: :  -~' 

r  ■■  ■  1 



- : 

T~^"'' 

_■   i 

..'■"v"t---^ 

""-:  .:i:-:z. 

tr-,;j 

.4 

-;r..i 

i 

....  j-^HJ^ 

-  - 1  -  L 

U— — j- 

,..    .     r-  ■  ■■ 

! : - .- 1 

-  -  -  i  "  ■ 

^ 

^::H 

\ —  "  i 

7%f 

^J^MM 

li''>f> 

it'/7yj/r/ 

/I 

/V/ 

(CA 

bv^y 

;  CZ, 

I 

/Vjer  jLo^o  Mi£as- 


—I I—— 

^^SSB^SSSB99IIHHIHIIIiiiHIHHI^^^^^^I 

BS^BP™IHHaBBH 


C^^ri 

m*  : 

-■-/i- 

-     ■  ,         1 

V  /%*«/ 

'O^. 

W\ 

/ 


zs 


Z4 


ZS 


z^ 


^T/?/7T/r/j^/^ 


Zl 


1 

>! 

D 

J 

*f                                                 * 

f 

S7JTArr/^/'e^/T^ 

C. 

"  Vj9/.V£- 

SX///X/S^T   V/riV£^ 


S/<£rCH  OF 
.^/?/rA/G£A/£:/^r  or 


E8 


Comparison  of  the  Tests 

As  will  be  seen  from  the  data,  after  the 
"stratifier"  was  in  place,  the  engine  used  much 
more  gas  than  under  the  same  load  when  the  device 
was  not  used.   This  loss  is  due  to  two  causes, 
viz: -a  greater  loss  due  to  the  heat  given  to  the 
Jacket  water  and  to  incomplete  combustion. 

By  referring  to  the  drawing  of  the  engine 
showing  the  relative  position  of  the  valves,  it 
will  be  seen  that  there  is  a  large  space  into 
which  the  gases  enter  before  being  exhausted.  An 
escplanation  of  the  waste  of  gas  due  to  incomplete 
combustion  can  therefore  be  made  by  saying  that 
the  strata  of  lanbumed  gas,  as  it  entered  the 
cylinder,  was  forced  up  against  the  wall  of  this 
exhaust  space  and  a  strata  of  burned  gas,  which 
would  not  allow  the  unbumed  gas  to  ignite,  lay 
between  this  unbumed  gas  and  the  igniter. 

As  the  vol\jmetric  efficiency  of  the  engine 
was  practically  the  same  in  both  cases,  on  account 
of  this  unbumed  strata  of  gas,  more  explosions 
on  the  quantity  of  gas  which  did  the  work  were 
necessary  to  carry  the  same  load  than  in  the  first 


2^ 


aeries  of  teste.  On  accoxmt  of  this  very  poor 
thermal  efficiency  the  horse  power  developed 
within  the  cylinder  of  the  engine  was  necessarily 
reduced  and  hence  the  engine  with  the  " stratif le  r" 
in  place  would  not  carry  the  same  load  that  it 
would  when  the  "stratifier"  was  left  out.  This 
high  rate  of  gas  oonsuii5>tion  in  the  second  series 
of  tests  greatly  increased  the  values  of  the  gas 
per  I.  H.  P.  and  gas  per  B.H.P. 

The  additional  log  forms  indicate  the  results 
that  we  would  have  obtained  on  those  runs,  for 
which  we  obtained  a  low  calorific  value  of  our 
fuel,  had  the  B.  T.  V.  value  of  the  fuel  been 
up  to  the  grade  of  the  gas  that  was  supplied  to 
the  engine  in  the  other  runs. 

It  might  be  said  in  conclusion  that  as  the 
arrangement  of  the  valves  in  this  engine  is  such 
as  not  to  allow  the  gases  to  occupy  the  positicns 
in  which  the  "stratifier"  is  supposed  to  keep  them, 
a  positive  result  of  this  experiment  has  not  been 
obtained,  but  as  this  engine  is  built  in  such  a 
^ay  that  the  arrangement  of  the  valves  cannot  be 
chsmged,  any  further  attempt  to  experiment  with 
this  device  on  this  engine  was  forestalled. 
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Sample  Calculations, 
/ll  values  substituted  in  formulas  taken  from  run  -^^1 
series  #  1. 

The  calorific  value  of  the  fuel  was  determined  from  the 

formula 

(tg  -tx)  X  1.8  X  v; 
Total  heating  value-  H= 

:f^ffective  lieating  value  »  H  -  (1000  x  S) 
where 

tp  -  t--  range  in  tem.p.  of  jacket  water 
in  degrees  Centigrade, 
Y(  =  pounds  of  water  discharged. 
S  =  weight  of  condensed  steam  in  pounds. 

^1  Ts 
V2= X  V]_ 

P2  Ti 

where 

?-j^=  atmospheric  pressure  plus  pressure 

Of  gas  at  meter. 

Pps  30   inches   of  mercury. 

T-|^jr  temp,    of  gas  at  meter   in  deg.P.plus   460 

Tg=62   deg.   F.    plus   460. 

tg    -   t-j^=  5.78 

7    =  18.24 

29.67  X  522 
Vg^  0.3  29  X =  0.327  cu.  ft. 

30  X  521.5 

S  =  0.0331 
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therefore 

5.78  X  1.0  X  18.24 

Total,  heat.  val.  = 580  B.t.u./cu.ft 

0.327 


Sff.  heat.  val. -580  -  (1000  x  0.0331)    546.9    " 

The  gas  used  per  hour  was  67,6  cu.  ft  at  61.5  deg.P.  and 
29.69  inches  of  mercury.   This  v/as  reduced  to  standard 
conditionSji.e . ,   62  deg.  F,  and  30  in.  of  mercury  by  the 
formula 

^1       Tg 
substituting 

29.69  X  67.6    30  x  V, 


solving 


__ 2 

521.5        522 


V2=  67.0  cu.  ft. 


?  L  /  N 

The  Indicated  Korse  Power  =  

33000 

where 

P=  mean  effective  pressure  in  Ibs./sq.in. 

L=  length  of  stroke  in  feet. 

/■  =  area  of  piston  in  sq.  in, 

N=  number  of  explosions  per  minute. 
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substituting  the  values 
P=  76.70 
L=  11.94 
A=  35.79 
N  =  27.53 

76.70  X  11.94  X  35.79  x  27.53 

The  I.  H.  P.  s: - =  2.73 

33000 

2  xTT  X  R  X  ?  X  N 

The  Brake  Horse  Power  —  

33000 

where 

R  =length  of  the  brake  arm  in  feet. 

L = net  load  on  scales. 

N=  number  of  revolutions  per  minute. 

substituting  the  values 

R=  2.17 

?=  4.25 

N  =r  240 


2  xTT  X  2.17  X  4.25  x  240 

The  B.  H.  P.  =  =  0.42 

33000 

B.H.P.        .42 

The  Mechanical  Efficiency  = =  =-  15.4  % 

I.H.P.      2.73 

total  B.t.u.  /  hr. 
The  B.t.u.  /  I.H.P.  /hr.=  

I.H.P. 

546.9  X  67 

*  13,780 

2.73 
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The  heat  equivalent  of  the  I.H.P.  effioiency  in  per  cent 

2545  I.  H.  P. 
= ---   X  100 

total  B.t.u, 

2545  X  2.73  x  100 
= _-  —      18.45  % 

67  X  546.9 

The  heat  rejected  in  the  jac'cet  water  in  per  cent 

'Teight  of  water  x  range  in  temperature 

=  - X  100 

total  B.t.u.  supplied  /  hr. 

340  X  43.1 

=  -- X  100  —  39.00  % 

67  X  546.9 

The  heat  rejected  in  the  exhaust  and  lost  through 
incomplete  combustion  and  radiation,  in  per  cent 


100  -  (18.45+  39) 

---- ---   X  100   -  42.55  io 

100 


'■'■'■''A 
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